An efficient two-step method for the synthesis of thieno-and benzocyclohepta [b]indole derivatives, starting from 7,8,9,10-tetrahydrocyclohepta[b]indole-6(5H)-one, is reported. The procedures are simple and show a remarkable tolerance towards the presence of functional groups such as e.g. amines, carbonitriles or methoxycarbonyl substituents.
Introduction
Development of new methods for the synthesis of functionalized indoles is currently attracting the interest of organic chemists due to the discovery of many indole alkaloids with varied biological activities. [1] [2] [3] [4] [5] [6] The antidepressant activity of cyclohepta[b]indole 7 has stimulated considerable interest and had been the starting point for the synthesis of a large number of polycyclic indole derivaties. [8] [9] [10] Alkaloids that feature an indole nucleus such as prenylated indoles, carbazoles, indoloquinoline and cyclohepta [b] indole alkaloids often exhibit biological activities such as e.g. anti-fungal, anti-bacterial, anti-tumor, anti-HIV, and DNA interaction properties. [11] [12] [13] [14] Some of the most important compounds with proven chemotherapeutic value belong to the ellipticine class (1) . 15, 16 In this class of compounds a heteroaromatic ring is fused to the side [b] of the carbazole ring. However, there is a growing number of cyclohepta [b] indoles that contain aromatic or heteroaromatic rings fused to the [6, 7] -or [4, 5] side of the cyclohepta [b] indoles nucleus. For example, among the various benzo cyclohepta [b] indoles, a series of simple benzo [6, 7] cyclohepta [b] indoles and benzo [5, 6] cyclohepta [b] indoles such as 2 or 3, have been tested as candidates for the treatment of cytotoxicity and CDK inhibitory Figure 1 . Examples of (1): ellipticine; (2): of a benzo [6, 7] cyclohepta [b] indole; (3): a benzo [5, 6] cyclohepta [b] indole; (4) a benzo [4, 5] cyclohepta [b] indole.
As would be anticipated for a family of compounds as diverse as the benzocyclohepta [b] indoles, synthetic results have been varied and are highly dependent on the method used and the substitution pattern of the specific target compound. Harsh reaction conditions, multistep sequences and expensive starting materials or catalysts are commonly encountered problems. The most serious limitations of the established methods are however a lack of flexibility and tolerance of functional groups, and regiochemical ambiguities originating from lack of orienting effects of the substituents. There is thus still a considerable need for the development of more versatile and regioselective synthetic routes towards highly substituted benzocarbazoles, especially with respect to tolerance of a wider variety of functional groups.
As part of our ongoing program directed towards the development of new methodologies for the synthesis and biological evaluation of diverse heterocyclic compounds, [20] [21] [22] [23] herein we disclose the synthesis of thienocyclohepta [b] indoles and benzocyclohepta [b] indoles from easily accessible starting materials.
Results and Discussion
Thiophenes are generally considered to be aromatic compounds that share many more of their properties with their analogous benzene derivatives that their furan counterparts. The lone pair of electrons is involved in the resonance to form the sextet of π electrons, giving thiophene substantial aromatic character, although to a lesser extent than for pure carbon based benzene derivatives, or of analogous pyridine compounds. 24 As a consequence thienocarbazoles are considered bioisosteres 25a,b of the well known anti-tumor compounds pyridocarbazole 26 , ellipticine and olivacine. The presence of the sulfur atom in the ring annelated to the indole nucleus could provide the possibility of additional long distance hydrogen bonds with DNA chains that are not possible with carbon based aromatic ring derivatives, thus possibly enhancing the biological activity of these intercalating compounds. indole 1a-e with malononitrile, sulfur and triethylamine as the base, but this approach failed and even after prolonged reaction times only starting material could be recovered (Scheme 1). Next we investigated the construction of a thienocyclohepta [b] indole system via a two step method with the condensation of the ketone with malononitrile separated from the reaction of the sulfur with the resulting ylidene malononitrile. In the first step the 2-(7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene)malononitriles (2a-e) were prepared in high yields by Knoevenagel reaction of 7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-one (1a-e) with malononitrile (Scheme 1). The ylidene malononitriles 2a-e where then in a second step cyclised with sulfur under Gewald reaction conditions in order to obtain the corresponding thienocyclohepta[b]indoles 3a-e. The structures of the products were deduced from their elemental analysis data, and from their IR, mass, 1 H-NMR and 13 C-NMR spectra. . The identities of the other compounds 2b to 2e were established in similar ways with all spectroscopic data readily assignable. Finally, the structure of one of the members of the series, 2c, was confirmed by single crystal X-ray analysis (Figure 2) . The generality of the reaction was tested through the reaction of other cyclohepta[b[indoles (1b-e) to the respective thiophene derivatives. Subsequently, the reaction was also carried out using ethyl cyanoacetate instead of malono nitrile. The structures of the products were deduced from their elemental analysis data, and from their IR, mass, 1 H-NMR and 13 C-NMR spectra.
carbons. The identities of the other compounds 6b-e were established in similar ways with all spectroscopic data readily assignable. The same reaction was achieved with methyl propiolate instead of using DMAD to afford compounds 7a-e. For compound 7a, the IR spectrum showed an unusually low frequency for the ester carbonyl group of 1690 cm -1 , indicating H-bonding between the amino group and the ester carbonyl group, confirming that the ester group must be in the C 3 position. The other IR frequencies of 7a at 3440, 3368 and 3343 cm -1 for the NH 2 and carbazole NH groups, and at 2202 cm -1 for the cyano group were again as expected. The 1 H-NMR spectrum exhibits a broad singlet at δ 9.18 that is due to the presence of N 12 -H. Other aromatic protons resonated between the region δ 7.93-7.11. A broad singlet at δ 6.56 was due to two amine protons of C 2 -NH 2 . The aliphatic protons appeared in the region δ 2.10-3.98. The 13 C-NMR spectrum exhibited 21 peaks.
The generality of the reaction was tested with other cyclohepta[b]indoles 2b-e. The reaction mechanism for the formation of the substituted benzocyclohepta[b]indoles 6a-e and 7a-e from the 2-(7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene)malononitriles 2a-e by reaction with acetylenic esters is composed of several distinct steps. The reaction sequence is most likely initiated by base abstraction of a proton from 2a-e, followed by nucleophilic attack at the β-position of the acetylenic ester, resulting in the formation of the first intermediate with tautomeric forms I and II as shown in Scheme 3. The negative charge at the α-carbon in form I, stabilized by the electron-withdrawing capability of the adjacent ester group, allows for an intramolecular nucleophilic ring closure to follow, and subsequent aromatization via a tautomeric 1,5-H shift yields the final stable compound 6a-e. The reactions are straightforward, but yields were found to be variable depending on the base that was used. Purification was however readily accomplished by simple recrystallization for all compounds. In the case of the reaction with methyl propiolate (to yield compounds 7a-e), the reaction was found to be highly regiospecific yielding only the product resulting from nucleophilic attack at the alkyne carbon β to the ester functionality. A possible explanation for this selectivity might be found in the greater stability of the intermediate carbanion (Scheme 3).
Scheme 3. Mechanism for the formation of benzocyclohepta[b]indoles.

Conclusions
In conclusion, we have established a new, fast and efficient route for the synthesis of thienocyclohepta[b]indole derivatives. By a two step method and a novel one-pot regioselective synthesis of dimethyl-2-amino-1-cyano-5,6,7,12-tetrahydrobenzo [6, 7] 
Experimental Section
General. Melting points (mp) were determined on a Mettler FP 51apparatus (Mettler Instruments, Switzerland) and are uncorrected. They are expressed in degrees centigrade (°C). IR spectra were recorded on a Schimadzu FTIR-8201PC spectrophotometer (Schimadzu, Japan) -1-carboxylates (5a-e) The mixture of appropriate compounds 4/5 (1 mmol), sulfur (1.3 mmol) and 4 drops of triethylamine in methanol (5 ml) was stirred at 60 ºC for 6 h. The reaction was monitored by TLC. After the removal of excess solvent, the obtained crude product was washed with water and purified by column chromatography over silica gel using a petroleum ether : ethyl acetate 
